The paper presents a quantitative discussion of the effect on the interpretation of the equivalent widths of solar lines, of present uncertainties in damping constants and in atmospheric micr©turbulence. Graphs are given showing the resultant uncertainty in the interpretation of equivalent widths as a function of excitation potential and wavelength.
I. INTRODUCTION
In calculating the equivalent width of a spectral line using a model atmosphere it is necessary to take account of atmospheric microturbulence and of damping due to collisions of the absorbing atom with atomic hydrogen. Neither damping nor turbulence is important for very weak lines, but their neglect, or improper application, for medium-weak lines may lead to serious uncertainties of interpretation. Such uncertainties have been of little significance in the past because they have been overshadowed by the deficiencies of the curve of growth technique and by the use of inaccurate oscillator strengths. Now that more accurate oscillator strengths are becoming available, and are being used for the interpretation of both solar and stellar equivalent widths, it has become increasingly necessary to assess the importance of uncertainties in the present knowledge of damping and micoturbulence. We refer here in particular to the improved oscillator strength measurements by Garz & Kock (1969) , Bridges & Wiese (1970) and Blackwell & Collins (1972) , and solar interpretations by Garz et al. (1969) and Blackwell, Collins & Petford (1972) . The effects of uncertainties in damping and microturbulence have also been considered by Ross (1970) and by Foy (1972) .
In this note we suppose, as is conventionally done, that damping is due to van der Waals forces between the absorbing and perturbing atoms. Such laboratory work as has been done shows that this representation is certainly not physically correct, and the enhancement factors of Cowley, Elste & Allen (1969) referred to in the next section have no physical significance; nevertheless, the representation is sufficiently good for our present purpose. We also follow convention in using a microturbulence parameter, but our analysis does not depend on this parameter being interpreted literally. The empirical nature of the microturbulence parameter has been discussed by Worrall & Wilson (1972) .
EFFECT OF UNCERTAINTY IN DAMPING CONSTANT
Ideally, either good experimental values or good theoretical values of the damping constant should be used. In practice, reliable experimental data are very difficult to obtain because of the need to use atomic hydrogen as perturber, and recourse is usually made to approximate calculations of the kind described by Unsold ( I 955)> which are based on the van der Waals broadening mechanism. However, Cowley et ah (1969) have compared the damping constants for Fe 1 transitions obtained from the formulae of Unsold with those actually deduced from solar line profiles. Although they conclude that arbitrary enhancement factors of between i*8 and 7*4 must be applied to the calculated values to bring them into line with the observed values, these factors are based on a solar iron abundance of 6-55 due to Warner (1968) , which is probably too low, and on the oscillator strengths for Fe I of Corliss & Tech (1968) which are known to be considerably in error. In Table I Values are given for logw R.
we present revised enhancement factors, R, obtained from the original tabulation of Cowley et al. by using the more reliable oscillator strengths of Garz & Kock (1969) , instead of those of Corliss & Tech, where there is an overlap between these data, and a solar iron abundance of 7-25 on the scale of logioiVn = 12-00. This abundance is close to that of 7*28 suggested by Foy (1972) , who has used several other reliable oscillator strengths in addition to those of Garz et al. for his determination. The accuracy of the new factors depends wholly on the accuracy of the oscillator strengths of Garz and Kock, and of the assumed iron abundance. The revised factors show an even greater spread than the original factors of Cowley et al., although perhaps a more regular dependence on excitation potential. Unfortunately, the extreme example of the lines of multiplet number 318 which, according to Cowley et al., need a very large enhancement factor, cannot yet be revised in this way because no accurate oscillator strengths are available for this multiplet. The uncertainty in the damping constant has also been discussed by Foy (1972) . The last column of Table I suggests that there is a considerable uncertainty about the value of the damping constant that should be used for any particular line of Fe 1. There is little knowledge of damping constants for lines of other elements. The problem of choice of damping constant is not a trivial one since it has only been possible to obtain the true damping constants, subject to the errors noted above, for the seven lines of Table I from solar line profiles because these profiles show relatively deep and extensive wings. The damping for weaker lines with equivalent widths of less than, say, 100 mA, cannot be obtained so reliably, if at all, because the profile depends also upon other equally important and uncertain factors such as micro-and macro-turbulence. Our problem now is, suppos-1972MNRAS.160..121B No. i, 1972 Theoretical deductions from solar equivalent widths 123
ing that the data of Table I represent the uncertainty in the damping constant for these weaker lines also, what is the effect of this uncertainty on the interpretation of their equivalent widths? Alternatively, we may ask: what is the maximum equivalent width that may be used if the error of interpretation is not to exceed an arbitrary amount, say 10 per cent, which corresponds to the projected accuracy of a determination of a relative oscillator strength in the experiments of Blackwell & Collins (1972) . In our analysis of this problem we have calculated curves of growth for lines of Fe I for two standard wavelengths, and over a range of excitation: results for other elements will not be substantially different. We have used the HarvardSmithsonian Reference Atmosphere of Gingerich et a/. (1971) in a form containing 65 levels over the range 1 *0 x io~5 < T5000 <25, with a microturbulence of 1 *6 km s -1 Fig. i (a) and (b) . Uncertainty of interpretation of equivalent width of an Fe 1 solar line at 4000 A and 6000 A corresponding to the uncertainty in damping given in the text. E. Blackwell, G, Calamai and R. B. Willis
Vol. 160 independent of optical depth, and assumed a pure absorption mechanism and the existence of local thermodynamic equilibrium. The computer programme uses the subroutine of Armstrong (1967) for the calculation of the Voigt function. The arbitrary assumption has been made that the true value of the damping constant F lies between the limits F(theoretical) and 3*16 x F(theoretical), the latter factor corresponding to logio i? = 0-50 in Table I , and where F theoretical is the value calculated from the Unsold relation. The damping constant is taken to vary with optical depth. The result of the calculation is given in the form A log A y where this is the change in abundance caused by a change in F between the above limits.
The final results for a range of excitation potentials from o eV to 4 eV, for a wavelength of 4000 Â, and o eV to 5 eV for a wavelength of 6000 Â, and for a range of equivalent width of up to no mA are displayed in Fig. i(a) and i(b) . As expected, A log A increases with equivalent width, with excitation potential because damping increases with excitation potential according to the Unsold relation C 6 = x-6i X 10-33 (  I3 '  5Z ) 2 \Xr-Xr,s/ with ye = iToGqWVWN and with decreasing wavelength because this corresponds to more highly excited upper states. In Table II we present data on the maximum permissible equivalent width for a 10 per cent uncertainty in interpretation, extracted from the diagrams of Fig. i (a) and (b) . These limits are for the stated uncertainty in damping constant only and disregard the effect of uncertainty in microturbulence. The limits would be relaxed if this uncertainty in damping constant is judged to be smaller. 
EFFECT OF UNCERTAINTY IN MICROTURBULENCE
The microturbulence parameter for the solar atmosphere is quite uncertain and there is even some doubt about whether it increases or decreases with optical depth. Its approximate average value is often obtained by trial and error procedure until the derived abundance is independent of equivalent width, and we refer to the work of Garz et aL (1969) for an illustration of the use of this method. To investigate the effect on abundances of an uncertainty in microturbulence we have repeated the procedure of the previous paragraph, taking an average value of i*8 for the enhancement factor of Cowley et ah and supposing arbitrarily that the microturbulence is uncertain between the limits of 1*3 and 1*9 km s" 1 . We note, 1972MNRAS.160..121B No. i, 1972 Theoretical deductions from solar equivalent widths 125 Fig. 2(a) and (b) . Uncertainty of interpretation of equivalent width of an Fe 1 solar line at 4000 Â and 6000 Â corresponding to the uncertainty in microturbulence given in the text.
however, that Foy (1972) proposes a value of 0*5 km s" 1 . The results, plotted as a function of equivalent width, are presented in Fig. 2(a) and (b) . The dependence of the error on excitation potential is now opposite in direction to that found for damping, being greater for lines of small excitation potential. Also, it is greater at shorter wavelengths. This behaviour is best interpreted qualitatively in terms of the forms taken by the curves of growth. The situation for a 10 per cent uncertainty is also summarized in Table II , on the basis of Fig. 2 (a) and (b).
IMPORTANCE OF THE UNCERTAINTIES
We are not here concerned primarily with the effects of errors of the order of 10 per cent on the measurement of element abundance, as larger errors than this 1972MNRAS.160..121B
Vol. 160 126 D. E. Blackwell, G. Calamai and R. B. Willis will inevitably occur in the placing of oscillator strengths on an absolute scale. Instead, we draw attention to some more general consequences of the above results, particularly those in Table II . The results show that if full use is to be made of relative oscillator strengths that are correct to 10 per cent, the maximum permissible equivalent widths of solar lines at 4000 Â is less than 31 mA for lines of zero excitation potential, and less than 37 mA for lines of 4 eV excitation potential, with rather greater values at 6000 Â: these values are subject to the constraints described above. Unfortunately, there are almost no good quality oscillator strengths for lines as weak as these. If it proves possible to obtain relative oscillator strengths to an accuracy of 5 per cent, or if it is judged that the uncertainties in damping and microturbulence are even greater than suggested here, then even weaker lines must be used. In any case, lines of low excitation potential are the more desirable because, as they have weaker wings, they may be more accurately measured. There appears to be an additional advantage, apart from the smaller blanketing, in working at longer wavelengths. Also, weak lines are more desirable than stronger ones because they are formed principally in higher pressure regions near 7*5000 ~ 1 where the chances of deviation from L.T.E. are smaller.
The results are of particular importance in considering the kind of test for deviation from L.T.E. in the solar atmosphere in which a possible variation of abundance with excitation potential is investigated. The position here is that whereas a low excitation potential line suffers greatly from uncertainty of microturbulence, a higher excitation line suffers greatly from uncertainty of damping. If lines of equivalent width greater than 31 mA at 4000 Â are used, such tests cannot distinguish between the effects of non-L.T.E. and the effects of uncertainties in damping and microturbulence. Again, no suitable oscillator strengths exist for this purpose.
Given these restrictions, the determination of microturbulence is particularly difficult because this involves a comparison between lines of a range of equivalent width. As would be expected on general grounds, Table II shows that lines of low excitation potential are most suitable for this purpose. The determination of microturbulence by this method depends also upon the use of a good set of relative oscillator strengths.
The basic notion of these considerations is not new. The topic was thoroughly understood by Minnaert and others some 40 years ago. Our contribution is only to present a quantitative discussion for a solar model atmosphere in the light of present uncertainties. It would be useful to make similar calculations for stars of other spectral types.
